Salmon, P. R., Brown, P., Thein-Htut, and Read, A. E. (1972) . Gut, 13, 170. Smith, A. W. M. (1955) . Quarterly Journal of Medicine, 24, 393. Talma, S. (1884) . Zeitschrift fur klinische Medizin, 8, 407. Turpie, A. G. G., and Thompson, T. J. (1965) . Gut, 6, 591. Wilson, M. J. (1928) . Archives of Internal Medicine, 41, 633. Effects of Haemodialysis on Bone in Chronic Renal Failure journal, 1972, 3, 664-667 Summary Quantitative histological studies have been done on 80 sequential bone biopsies taken at yearly intervals from 37 patients with chronic renal failure on long-term haemodialysis treatment. Twenty-three patients were studied at the start of dialysis, and in about half the bone was abnormal. During dialysis mean osteoid area and the maximum number of unmineralized osteoid lameliae increased, and mineralized bone area decreased. The loss of bone during dialysis was also reflected in reduction of the width of individual trabeculae. These trends were less obvious in patients already established on dialysis at the time of the initial biopsy. The course of osteitis fibrosa appeared to be unaffected by dialysis.
Introduction
Bone disease is a common complication of chronic renal failure and is not always cured by long-term haemodialysis (Pendras and Erickson, 1966;  Harrison, 1968; Katz et al., 1969; Kaye et al., 1969; Kleeman et al., 1970; Siddiqui and Kerr, 1971) .
Before dialysis bone disease rarely causes symptoms. Radiographic appearances and plasma biochemistry are poor indices of renal osteodystrophy, particularly in dialysed patients, and diagnosis is imprecise without bone biopsy (Katz et al., 1969; Bishop, et al., 1971) . Histologically there may be a combination of osteomalacia, osteitis fibrosa, and osteosclerosis (Follis and Jackson, 1943) . Osteoporosis is rare (Garner and Ball, 1966; Kyle, 1969; Stanbury, 1969) .
After dialysis treatment has been started the bone disorder may be similar to that affecting non-dialysed patients (Pendras, 1969) . However, dialysed patients can develop a different form of disease attributed to dialysis itself (Harrison, 1968; Siddiqui and Kerr, 1971; Woods et al., 1972) . In this disorder pain and unhealed pathological fractures are common; there is periarticular osteoporosis on radiography and histological examination shows a reduced volume of mineralized bone, increased osteoid, and little osteitis fibrosa (Siddiqui and Kerr, 1971) . In Oxford florid bone disease in dialysed patients is rare. Histological abnormalities are more frequent (Woods et al., 1972) but less often defined by measurement of plasma calcium, phosphate, and alkaline phosphatase than in non-dialysed patients.
We have studied the histological changes in sequential bone biopsy specimens from dialysed patients from the beginning of treatment to decide whether the natural history of bone disease due to chronic renal failure hitherto described (Stanbury and Lumb, 1966 ) is altered by prolonged haemodialysis.
Patients and Methods
Bone was taken by iliac crest biopsy (Williams and Nicholson, 1963) Six patients who had three sequential biopsies (at the start of dialysis and one and two years later) are included in both groups. The second biopsy in group 1 was the first in group 2.
No patient was treated with vitamin D or corticosteroids, though four patients in group 2 were given oxymetholone as a measure to reduce transfusion requirements. Heparin was given during dialysis in similar priming and maintenance dosage; the estimated total dose given in any one dialysis varied between 25,000 and 35,000 IU. A single-pass Kiil system was used in which concentrate was proportioned 1:34 with softened tapwater to give a dialysate calcium concentration of about 6 mg/ 100 ml and a magnesium concentration of 19 mg/100 ml.
Patients had three 10-hour periods of haemodialysis each week. Most patients in group 1 were not physically active during the later stages of renal failure before dialysis, and in the early phase of dialysis treatment some were largely confined to bed. They were given day-time dialysis during the hospital training period, which varied from two to four months. Most patients in group 2 led active lives and dialysed themselves at night; they were admitted to hospital only for minor surgical procedures.
Sequential biopsy samples were taken from alternate sides of the pelvis. The histological techniques have been described elsewhere (Garner and Ball, 1966; Woods et al., 1968) . Undecalcified bone sections were examined with a x 10 objective for the following abnormalities.
Resorption.-Surface and dissecting resorption was identified (Woods et al., 1972) and the number of areas in which it was occurring counted.
Osteitis Fibrosa.-This was defined by profuse quantities of fibrous tissue extending from resorption cavities into the marrow space. Fibrosis confined to an area of resorption was regarded as commensurate with normal healing processes.
Osteoid.-This was identified as a series of birefringent lamellae on the surface of mineralized bone in polarized light. Osteomalacia was diagnosed if five or more lamellae were seen anywhere in the section.
AREA MEASUREMENTS
The area of mineralized bone-which is related to its volumeand osteoid were measured separately by one observer using a point-counting technique (Woods et al., 1968) on a single section. The intra-observer error was about ± 10% except at the lower end of the range of osteoid measurements, where the error was greater. Total bone area was estimated from the sum of osteoid and mineralized bone areas as a proportion of the total area of the section.
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Results Group 1.-The mean osteoid area increased significantly from 0 79 to 1419 as a percentage of the area of the section (t = 1-62, P <0-06, sign test P <0 01). The maximum number of osteoid lamellae also increased in most patients (Fig. 1) . Two of the three patients in whom the number decreased had osteomalacia with osteitis fibrosa initially and osteitis fibrosa alone after one year of dialysis treatment. The mean area of mineralized bone fell from 20-9% to 18-3% (t = 2-22, P <0-015, sign test P <041). Mean total bone area also fell from 21-7% to 19.5% (t = 1-79, P <0 04). There was no significant trend in the change in numbers of areas of resorption. The mean minimum trabecular width fell from 91-5 ,im to 74-5 ,um. The difference was highly significant (t = 5-28, P <0 0005, sign test P <0-01). For tests of statistical significance between area measurements and mean minimum trabecular widths on paired biopsy specimens Student's t test for difference between values in matched pairs and the "sign test" for non-parametric data were used (Dixon and Massey, 1951) .
Group 2.-In contrast to group 1 patients there were no significant changes in any of the features quantitated between the first and second biopsy specimens in group 2 patients. However, mean osteoid and mineralized bone areas in the initial samples from this group were similar to those of the second specimens in group 1, and the maximum number of osteoid lamellae increased in most patients in group 2 (Fig. 2) . Three of the four patients in whom the number decreased showed developing or persisting osteitis fibrosa. The change in number of resorptive areas was not consistent. The mean minimum trabecular width fell from 80-0 ,±m to 7717 tum. The difference was not significant. 
Discussion
Previous workers investigating bone disease in haemodialysed patients with chronic renal failure have dealt with the histological findings in separate groups of undialysed and dialysed patients, rather than the changes in individual patients from the start of dialysis (Kim et al., 1968; Jowsey et al., 1969; Ritz et al., 1971 ).
It has been suggested and denied that dialysis may cause a specific form of bone disease. This is a difference of opinion which is best resolved by sequential biopsy studies in individual patients; although there is no way of determining what would have happened to the bones of a patient if he had not been dialysed.
Our methods of tissue preparation and interpretation are similar to those used elsewhere (Garner and Ball, 1966; Woods et al., 1968; Woods et al., 1972) . Certain errors are inevitablefor instance, the differences in thickness of thin undecalcified sections can lead to an artefact in the measurement of bone and osteoid area (Dunnill, 1968) . Observer error and variation within the iliac crest may mask small differences between individual biopsy specimens (Byers and Smith, 1971) . Samples of the iliac crest or of any other bone may not be representative of the bone in the whole skeleton (Dunnill et al., 1969) , but it is the only practical and accessible region for frequent sampling and normal data are available.
In this study the osteoid area increased and mineralized bone decreased during dialysis, and these changes were more pronounced in the first year of treatment than subsequently.
INCREASED OSTEOID
Increase in osteoid area might relate to excessive growth of bone matrix rather than to a failure of mineralization of normal amounts of matrix (Harris and Heaney, 1969) . However, the BRITISH MEDICAL JOURNAL 16 SEPTEMBER 1972 number of osteoid lamellae is not increased in states of osteoid overproduction (Woods et al., 1968) . We therefore used a measurement of osteoid thickness as an additional index of mineralization defect and to define osteomalacia. By using the criterion of five or more unmineralized osteoid lamellae (Woods et al., 1968) seven patients in group 1 developed this lesion in the first year of dialysis. Once established osteomalacia did not heal unless associated with osteitis fibrosa. We interpret this change from osteitis fibrosa with osteomalacia to osteitis fibrosa alone as the expected natural progression of renal osteodystrophy deduced from study of undialysed patients (Stanbury and Lumb, 1966) .
The increase in mean osteoid area from the first biopsy specimens in group 1 to the second specimens in group 2, and the further rise in the number of osteoid lamellae, is an overall indication of progressive dissociation between the processes of matrix production and mineralization during dialysis treatment. Changes of osteomalacia can occur in undialysed patients, and haemodialysis cannot be incriminated as a cause of a specific bone disease on a basis of increased osteoid alone.
LOSS OF MINERALIZED BONE
We have described loss of mineralized matrix outweighing the rise in osteoid to give reduction of total bone mass in some patients to within the osteoporotic range. In contrast, in undialysed uraemic bone disease bone area counts tend to be higher than normal unless other causes of osteoporosis coexist. With reference to a normal lower limit of total bone area of 12% described by other authors using similir techniques (Gamer and Ball, 1966) none of our patients had osteoporosis before dialysis, but it did develop after the start of treatment.
The measurement of minimum trabecular width was based on an observation that haemodialysed patients have significant narrowing of bone trabeculae in their cancellous bone (Siddiqui and Kerr, 1971) . The fall in mean minimum trabecular width is further confirmation that bone loss occurred during the course of dialysis treatment.
Although some workers regard bone loss as a specific complication of dialysis therapy (Freeman et al., 1967; Kleeman et al., 1970; Siddiqui and Kerr, 1971) there is evidence that in the terminal stages of undialysed chronic renal failure bone mass tends to fall with the rise in plasma calcium and phosphorus (Stanbury, 1971) , though there are no sequential data available to confirm this in individual patients.
Thus neither loss of bone nor increased volume of unmineralized osteoid can be regarded as specific effects of long-term haemodialysis but only of advanced uraemia.
BONE RESORPTION
No consistent pattern of change in the number of resorptive areas in sequential biopsy specimens could be discerned (see Figs. 1 and 2) . While a patient with a larger number of resorptive areas than normal could progress to osteitis fibrosa, some reverted to normal. This may have been due to the fluctuating plasma concentration of factors known to modify osteoclastic activity, such as parathyroid hormone and phosphate (Raisz and Niemann, 1969) . It was not unexpected that established osteitis fibrosa-representing the maximum degree of parathyroid gland autonomy-should fail to improve with regular dialysis treatment. Less degrees of parathyroid overactivity may have been suppressed by the "optimum" dialysate and plasma calcium (Fournier et al., 1971 ) and magnesium levels.
Our serial studies have therefore shown that conventional renal osteodystrophy can progress in dialysed patients, but a less familiar tendency to develop osteoporosis may occur. Other workers have described a combination of osteoporosis and osteomalacia as "osteopenic osteodystrophy" in dialysed patients (Stanbury, 1969) , but the evidence that dialysis causes specific progressive bone changes has been mainly clinical (Siddiqui and Kerr, 1971) . Histological methods have been only partly quantitative and serial biopsy specimens have not been obtained. Ellis and Peart (1971) emphasized in their description of "Newcastle dialysis bone disease" that in the course of time on dialysis loss of bone and defective mineralization become more severe, whereas osteitis fibrosa diminishes. Our results differ in this respect, though the incidence of osteitis fibrosa was low in our study, perhaps because the incidence of predialysis osteodystrophy in general is lower in Oxford than in Newcastle.
The conversion of vitamin D to its active metabolite 1, 25 dihydroxycholecalciferol is believed to occur specifically in the kidney (Fraser and Kodicek, 1970) . Binephrectomized patients might be expected, therefore, to show evidence of a greater susceptibility to osteomalacia than other dialysed patients. In this series three patients were binephrectomized. Osteomalacia was observed in all three before nephrectomy, but progress of bone disease thereafter could not be distinguished from the pattern observed in un-nephrectomized dialysed patients. Indeed, in one anephric patient vitamin D treatment was followed by the appearance of osteitis fibrosa and healing of osteomalacia.
The cause of bone loss, possibly beginning in the terminal phases of chronic renal failure and certainly extending into the period of dialysis, in conjectural. Immobilization may be very important, since the observed changes were maximal in the first year of dialysis treatment when some patients spent long periods in hospital. In our series bone loss was apparently not influenced by parathyroidectomy (four patients), and it is probable that the parathyroids have no important role in the development of osteoposoris in dialysed patients (Harrison, 1968) .
Unidentified factors in tap-water removed by deionizers probably contribute to osteomalacia and may be responsible for the pronounced regional variations in the incidence of "dialysis bone disease" (Posen et al., 1972) .
